APR 17 198? 


U. S. DEPARTMENT OF AGRICULTURE 
FOREST SERVICE 


WASATCH NATIONAL FOREST 


ALTA AVALANCHE STUDY CENTER 


Miscellaneous Report No. 10 


ENCOUNTER PROBABILITIES FOR AVALANCHE DAMAGE 


Edward R. LaChapelle 
Avalanche Hazard Forecaster 
Wasatch National Forest 


March 1966 


-POLARPAM 


A common problem in selecting sites for mountain construction or development 
is determining the probability of avalanche damage. Prudent planning dictates 
that sites should be completely free of avalanche danger if at all possible. 
This should be the inflexible standard for buildings and lodges in recreation 
developments, but -a slight exposure to avalanche hazard is sometimes acceptable 
for ski lifts or parking areas. In the case of mining construction or other 
-industrial enterprises where the character of hazard exposure can be more 
strictly controlled, a more substantial risk of damage may sometimes be accept- 
-able. This risk is known as encounter probability. 

The problem normally is not posed by large avalanches which run frequently 
(annually or oftener). These present such obvious prospects of repeated damage 
and destruction that they must either be avoided entirely or else defended 
or eliminated by what may be prohibitively expensive construction. More 
often a proposed site lies within or adjacent to a slide path where normal 
avalanche activity is limited and non-destructive, but which shows evidence of 
infrequent avalanches of potentially. destructive proportions. 

The situation is similar to that posed by other geophysical hazards--- 
earthquakes, floods, tidal waves, hurricanes---which recur in destructive size 
at long and irregular intervals. The concept of a ''20-year flood'' or ''100- 
year flood'' is familiar to the hydrologic engineer. The avalanche specialist 
is faced with the similar problem of evaluating prospective damage from a 
"20-year avalanche'' or a ''100-year avalanche''. It often is undesirable or 
too costly to avoid completely the prospects of damage from an avalanche which 
may fail only once a century. In some circumstances, such as the exposure of 
a large number of people, the only acceptable hazard may be zero and there is 
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no choice but to seek another and safer location. There sometimes is economic 
justification for accepting a limited amount of risk for buildings or other 
installation, especially mining or other enterprises where a definite and 


limited building life can be projected. Such risks can logically be taken only 


if their size can be reasonably estimated. This report presents methods for 


naking such estimates, or encounter probability. 
Large, infrequent avalanches, like large, infrequent river floods, are the 
2roduct of unforseeable weather and climate. For purposes of statistical analy- 
sis they are considered to occur at random even though there may be some evidence 
For their association with short-term (in the geologic sense) climate cycles. 
The average time between a number of such random events is called the return 
interval. For the kind of avalanches under discussion, typical return intervals 
night be 25, 50 or 100 years. Most installations are designed for a useful 
2stimated life which depends on such factors as economics, construction materials 
and rate of obsolescence. When such an installation is exposed for its esti- 
nated life to the threat of damage from an infrequent avalanche of a given 
return interval, there is a definite encounter probability which describes the 
chance that the avalanche will damage the installation during its estimated life. 
Table 1 and 2 enumerate these encounter probabilities for the given values 
»f return interval and estimated life. They are derived from a paper by Borgman 
1) which treats the subject of geophysical risks ini considerable depth. The 
esign engineer seeking a more sophisticated treatment is referred to this paper. 
In using these tables, it is important to consider the restrictions imposed 
n their construction. First, and in general, statistics treat the relations 


etween numbers or groups of numbers. These relations fay or mayinnot: describe 
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»hysical reality. They predict probable consequences but do not assign causes. 
second, both tables are based on the assumption that occurrences of the event 
‘n question (in this case major avalanches) are random and independent. This 
eans that the encounter probability does not change because the event occurs. 
his is another way of stating the gambler's maxim: ''The laws of chance have 
10 memory.'! 

Table 1 is calculated on the assumption that the events occur only at 
ntegers on the time scale. This may seem an arbitrary and impractical 
restriction, but in the case of avalanche hazard it has some useful applications. 
f most avalanches of a damaging size are known to occur at a given site in, 
ay, January, then such events will fall close to the time scale integers if 
che convenient time unit of a year is chosen. 

Table 2 removes this restriction, allowing the events to occur at any point 
nn the time scale. The following mathematical restrictions, however, have» 

een observed in calculating Table 2: The process is stationary, possesses 
ndependent increments, and has a time-independent average. Two or more events 
inde occur simultaneously. 

Allowing the events to occur at any point on the time scale gives a more 
ealistic flexibility to the calculations, but does raise another problem when 
ealing with avalanches in time units of .years. Avalanches do not occur at 

ny point on such a time scale; they occur only in the winter. This difficulty 
ay be circumvented if the chosen time unit is winter months for both the return 
nterval and the estimated life. The estimate of encounter probability is then 
ased on a continuous time scale made up of years consisting of those four or 


ve winter months when avalanche damage is possible. The balance of each year 
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When avalanche occurrence is zero is ignored along with that same portion of 
the estimated life. 
Note that for long return intervals and low encounter probabilities the 


two Tables give very similar or identical figures. 
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TABLE 1.-ENCOUNTER PROBABILITY, E,, VERSUS ESTIMATED LIFE, L, 
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TABLE 2.-ENCOUNTER PROBABILITY, E,, VERSUS ESTIMATED LIFE, L, 


oe 
AND RETURN PERIOD T,. [e,er-et/7] 


10 15 20 30 Lo 50 60 
0.095 0.065 0.049 --- --- --- ee 
0.260 0.182 0.140 0.095 0.072 0.050 --- 
0.394 0.284 0.221 0.154 0.118 0.095 0.080 
0.632 0.486 0.394 0.284 0.221 0.182 0.154 
0.865 0.736 0.632 0.486 0.394 0.330 0.284 
0.950 0.865 0.776 0.632 0.528 0.450 0.394 
0.982 0.930 0.865 0.736 0.632 0.550 0.486 
999+ 0.997 0.982 0.950 0.865 0.776 0.700 0.632 
999+ 0.999+ 0.995 0.982 0.931 0.865 0.799 0.736 
999+ 0.999+ 0.999 0.993 0.964 0.918 0.865 0.812 
999+ 0.999+ 0.999+ 0.997 0.982 0.950 0.909 0.865 
Bete 02. 999+ -90.999+ 76 0.9994 « 0.995% 0.982 03959 0:93)! 
999+ 0.999+ 0.999+ 0.999+ 0.999 05993 0.982 0.964 
999+ 0.999+ 0.999+ 0.999+. 0.999+ 0.998 0.993 0.982 
120 160 200 250 300 400 500 
0.394 0.313 0.260 0.214 0.182 0.139 0.113 
0.486 0.394 0. 330 0.274 0.235 0.182 0.148 
0.566 0.415 0.394 0.330 0.284 0.221 0.182 
0.632 0.528 0.450 0.381 0.330 0.260 0.214 
0.736 0.632 0.550 0.473 0.414 0.330 0.274 
0.812 Orvis 0.632 0.550 0.486 0.394 0.330 
0.875 0.790 0.714 0.632 0.516 0.465 0.394 


Where the spaces are filled by a dash (-), the value is the 
same as in Table l. 


Qe) yeahs) yeas) (ea) =) 
Bae 50. Ce aia IE, OO, Oe Oy 1 On ae Oe ee 


oO 
\O 
Sa) 

On 


TA Sl 
hat 
: tel 1 
‘ \ , ( af 
U2RIV TARO At 
* | 


ro | 


ron rcp oy PALA ease rele oo inemser epvenpen eng acagrmcannem reeninngy Ssetepsn Ay Ne aroma Aye sly sean cupeepe patertyvaptepet ey ean 


Sn 119 a me ANE ey Aare oe mma, 0 Lowe wpe "be Ah 


<n e at 


‘ ‘ Gs. ey ae | ‘ 7 
i re 4 
P 
ev < 4 ~— a 6 ay 7 gh bn ee er muiaheemeicicehiae ae nhl emp aE Ab eink (08 
( _ ts 
Tt a Le Ng % 
PAH .0 ew oO 
m if # ee rs 
ns grg 220 .0 ort. 0 wa). < 
fe? £ Bie y 
: { Py bd 4 i ro oN © 
t ‘ m im 4 
n tata YY 
, } BRE .C ate..0 
‘ * q ™ r 
" P he o j rs | t \ Z Q 
ny wT . . y 
' oe | \ S| 2d. 
4 a% " ~ ¢ rat _ 
b 7 “a Sad } Us e . Vv 
4] - ¢ oo. Ff 
’ "ts ee. V AG os 
oor ‘i — 
q ‘A 3) 
0 ! ige gee, Cee. 
aie % level fh 
fee,0.  ebe.8 
va ets’ 
: 3@ . e.0 | +888. 
t slid wr ee i di 
dd Sa HERG he he 
a ‘ , 
} Pres 
iy: 6% i 
’ a ry “4 A 
_ rs on ~ rainy liner 
ma 
Val = Hot rat 
: : AUS A 7 
‘ 
ores ymierenitere genannten nyptaiimamcaivaeliiitaes i 
' 
} 
- ry = re = 
- i - = “ Sa 
‘ ee ee + 
~ * nd ar seae ew a om 
- ° “ or 
¥ 
“ -“ Ll “> 
t ~ 
‘a “a et tee oe! 
wt ~~ /. cre iW? 
; of ea? Oe8$ . a a 
; P — ‘ : 4 
{ rt 7 Fick va P 2 
{ YL .0 GEF.O HEE. Q we. 
1 { 
| b 


PS .et a a » ye ®t 

SBT yt [SS 44 3.0 eE.0 | MRED. RI eee 
* ms * oh , =f wT t hn 
Ars: 32 +a BE .0 oan. 0 BS2.0 ¢ 
AES 0 PF .0 . ja, 0 evn,0 623.0 Sf8.0 | 

a - ety 7 ,\ A! ‘ OF A . 

ot ‘ \ ak ~ ye 1 Wie ¢ oU s at Ww 0. a ry { 
hOF yb Heh € [2.0 SPd.0 ., Pte. 

Bf yea Dept 8 pene a Lene 23 SS 


Laem sn 


Bb yd bent ae ason nga yrs orp 
ae sidst al 26 en be 


7 


The biggest difficulty in applying these figures to evaluation of avalanche 
azard is determining average values of return intervals. The historical record 
n North America simply is not long enough to provide data from which averages 
an be calculated for avalanche return intervals greater than two or three 
ecades. The data that are available for a given avalanche path, whether from 
istorical records or inferred from indirect evidence, usually give at best the 
ength of a single return interval. In many cases there is evidence of a major 
valanche at some time in the past which has not recurred since. Evidence from 
ree growth can usually establish when the avalanche last fell, so all that is 
hen known is a minimum possible length of a single return interval. If this 


s all there is to go on, it will have to serve. But encounter probabilities 


sed on uncertain return intervals obviously will themselves be uncertain. 
perienced judgment on the part of the avalanche specialist can take into account 
arrain, climate and character of the avalanche path, thus placing the estimate 
fF return intervals on a better basis than guesswork. Such improvement in 
zscuracy is real and often considerable, but it is essentially subjective and 
qus difficult to account for in statistical analysis. 

This approach to estimating risks from avalanche hazard does not offer 
Jvice on whether risks should be taken. This question is properly one to be 
iswered by administrative or operational decision. What is available is a 
ational method of determining just what the risk might be. The decision of 
ether to assume it can then proceed on a sounder basis. 


1 


kample No. 
An avalanche of unusual size destroyed five houses at Twin Lakes, Colorado, 
| 1962. Historical records showed that a previous avalanche of this size had 


illen at this site in 1882. The houses had been constructed in the :avalanche 
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ath during the interim, three of them quite recently. The average age of the 
her two at the time of destruction was about 40 years. To what risk had they 
ben exposed? 

Here the return interval and estimated life are sufficiently long that there 
B very little difference between the figures given by Table | and 2. Lacking 
average, we must use instead the single return interval of 80 years. Judg- 
1g from climate and terrain, this is a reasonable approximation. The time 

vit is years and the estimated (in this case actual) life is 40 years. From 
ble 1 the encounter probability is 0.395. The two older houses experienced 
proximately two chances out of five of destruction. If their normal life 
tyway is 40 years, they were exposed to this same encounter probability from 


ie da , although the figures would not have been available to 


they were built 
miculate it at that time. These figures tell, in other words, that they 


perienced quite a good chance of eventual destruction at this site. 


Construction of a major ski development has been proposed in an area of 
Buh avalanche activity. For the purpose of utilizing available private real 
'tate, the developers wish to locate the main center of lodges, ski shops and 
ier buildings adjacent to two major avalanche paths. Historical records 

tow that avalanches large enough to cause damage to the proposed development 
11] at this site in 1878, 1880, 1906 and 1955. Others may have fallen between 
106 and 1955, but there are no records. 

Return intervals from the available data are 2, 26 and 49 years. The 


rerage is 25-2/3 years. Estimated life of the development is 25 years. 
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9 
In this case it would be more realistic to use Table 2, with winter avalanche 
ths as the time unit. Snow data from this area suggest that the four months 
January through April are the time of principal avalanche danger. For the 
pose of analysis, each year consists of these four months. To the nearest 
je months, the return interval is 103 months and the estimated life 100 months. 
ering Table 2 at the nearest round numbers for these values, the encounter 
bability is found to be 0.632. Chances are thus better than six out of ten 
t the ski area center will experience at least some avalanche damage during 
life. : 
Such chances are quite unacceptable for facilities intended to house and 
ertain large numbers of visitors and the use of such a site must be rejected. 
The real chance of damage is actually greater than that indicated by Table 
Because part of the record is missing, the return interval may actually be 
rter. Because two separate avalanche paths are involved, there is a chance 
t the same unusual snow and weather conditions which could create a damaging 
lanche on one could also create a damaging avalanche on the other. Thus 
re is a possibility of two non=independent events, which violates one of 
restrictions on Table 2. But the Table still gives at least the general 


nitude of the risk. 
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